A B S T R A C T
Background. The association of chronic kidney disease (CKD) and dialysis with suicide is not well established. The objectives of this study were to assess the association of suicide with CKD and dialysis and investigate whether differences exist between dialysis modalities or the durations of dialysis. Methods. Data were obtained from the Taiwan National Health Insurance Research Database. A total of 51 642 patients who died from suicide between 2000 and 2012 and 206 568 living control patients matched by age, gender and residency area were examined. Known risk factors included sociodemographic characteristics, physical comorbidities and psychiatric disorders, which were controlled for as covariates in the analysis. The crude odds ratios (ORs) and adjusted ORs (aORs) for various risk factors were obtained using conditional logistic regression. Results. After potential confounders were controlled for, CKD was significantly associated with an increased risk of suicide [aOR ¼ 1.25, 95% confidence interval (CI) ¼ 1.17-1.34]. Endstage renal disease patients on haemodialysis (HD) had an increased risk of suicide compared with controls (aOR ¼ 3.35, 95% CI ¼ 3.02-3.72). Moreover, patients who initially underwent dialysis within 0-3 months had a significantly increased risk of suicide (aOR ¼ 20.26, 95% CI ¼ 15.99-25.67).
Conclusions. CKD and HD are positively associated with suicide. Suicide is preventable; therefore, assessing mental and physical disorders is essential and recommended to all physicians, particularly those treating patients in the early phase of HD.
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I N T R O D U C T I O N
Chronic kidney disease (CKD) patients, especially those with end-stage renal disease (ESRD), have a reduced quality of life and a high mortality rate [1, 2] . The increasing number of CKD patients requiring dialysis [haemodialysis (HD) or peritoneal dialysis] or kidney transplantation has become a global public health problem and has resulted in a substantial burden on health care resources [3, 4] . In addition, CKD is a devastating disease that results in major physical and psychological disorders and severe social problems in patients, families and even society, which are well-known risk factors for suicide [5, 6] . As the population ages and the incidence of chronic diseases increases, the number of CKD patients continues to increase in Taiwan and globally [2, 3, 6] . The USA and Taiwan have the highest rates of ESRD [7] , and HD has been the most common mode of dialysis [4, 8] . However, the direct effects of CKD and 
Suicide is a global public health threat and the 10th leading cause of death worldwide, with 800 000 to 1 million people dying annually from suicide [9, 10] . In Taiwan, suicide has been one of the leading causes of death for almost two decades [11] with a suicide rate of 15.2 per 100 000 population in 2014 [12] . Suicides in the Han Chinese population constitute one-fifth of all recorded suicides worldwide [13] .
Previous studies have revealed the psychological impact of HD on CKD patients [14] and warned that suicide may be the most severe result of mental illness among CKD and HD patients [15] [16] [17] . A high proportion of CKD patients are present in Taiwan; however, no direct evidence supports the relationship of CKD and HD with suicide. Using longitudinal data derived from the National Health Insurance Database (NHID) and mortality registry data in Taiwan, we assessed the association of suicide deaths with CKD and dialysis, and investigated whether a difference exists between the dialysis modality or the duration of dialysis and the risk of suicide.
M A T E R I A L S A N D M E T H O D S
Data source
The National Health Insurance (NHI) programme in Taiwan is a health insurance programme established by the government on 1 March 1995, under the jurisdiction of the Ministry of Health and Welfare. It offers comprehensive, compulsory universal health care coverage to 99.9% of Taiwan's population, and 93% of the country's hospitals and clinics are contracted to provide health care services under the NHI programme. The convenience of this programme makes it uncommon for people to withdraw from dialysis because of economic burden [18] . The NHID provides medical information on inpatients and outpatients, including gender, birth date, dates of admission and discharge, services provided by medical institutions, medication records, International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic codes, and medical procedures such as HD [19] .
Study population
Case group. The case group included subjects who had died from suicide, recorded in the National Mortality Registry (NMR) data set from 1 January 2000 to 31 December 2012. The NMR contains records of all deaths and maintains a computerized file of all death certificates issued in Taiwan by the Department of Health in Taiwan since 1971. The NMR is maintained independently of the NHID registry. The causes of individual death are validated to be accurate and credible by a committee convened by the Department of Health [19] . ICD-9-CM codes are used to register the causes of death in the NMR by using suicide codes E950 to E959 and hidden suicide codes E980-E989, E913 and E863, along with their corresponding codes in ICD-10.
Control group. The control group was randomly matched to the case group at a ratio of 1:4 by age, gender and residency area by using the incidence density sampling method [20] . The matched index date was defined as the date of suicide in the case group. Controls included patients who were still alive at the matched index date but could still become suicide cases in the following years. The residency area comprised 368 townships, county-controlled cities and districts of Taiwan that compose the third level of the Taiwanese administrative hierarchy. The areas ranged from 0.88 to 1600 km 2 and the population density varied from 5 to 40 000 [21] . Physical and psychiatric comorbidities were not considered in matching because of the interest in finding associations among chronic comorbidities, CKD and suicide. Consequently, for subsequent analysis, the study population comprised 51 642 subjects who died from suicide and 206 528 matched controls.
Definition of CKD
CKD was defined as an occurrence of the ICD-9-CM code 585 as the major diagnostic code at least three times in the data on inpatient, outpatient or emergency medical visits in the NHID. CKD patients on dialysis were defined as those who underwent HD, peritoneal dialysis or both. Patients younger than 18 years who had undergone kidney transplantation before dialysis were excluded. In Taiwan, dialysis costs for all patients with ESRD have been fully reimbursed by the NHI since 1995 [22] . It covers the costs of almost all medications and materials needed for dialysis; therefore, it is uncommon for people to withdraw from dialysis because of economic burden. For the case and control groups, 4691 and 1915 subjects had CKD; of them, 1215 and 1122 underwent dialysis, respectively.
Potential risk factors for suicide
In this case-control study, we identified potential risk factors for suicide for all patients, including various major physical diseases such as hypertension and their complications (ICD-9-CM codes 401-405), diabetes (ICD-9-CM code 250), dyslipidaemia (ICD-9-CM code 272), hepatitis C virus infection (ICD-9-CM code 070), gout (ICD-9-CM codes 274.0, 274.9, 274.89, 274.81-82, 274.19 and 274.10-11), cerebrovascular disease (ICD-9-CM codes 430-438), chronic obstructive pulmonary disease (ICD-9-CM codes 490-492, 494 and 496) and cancer (ICD-9-CM codes 140-239), to investigate the relationship between suicide and CKD. Furthermore, various psychiatric comorbidities were controlled for because of their close association with suicide, such as substance use disorders (ICD-9-CM codes 303-305), anxiety disorders (ICD-9-CM code 300, except 300.4), mood disorders (ICD-9-CM codes 296 and 300.4) and psychoticrelated disorders (ICD-9-CM codes 295, 297 and 298). We also included health system use within the year preceding the index date, the confounding effect of which was adjusted for in the analyses. Information on the aforementioned comorbidities was obtained from the beginning of the present study (1 January 2000) to the index date, with an occurrence of the ICD-9-CM codes at least three times during medical visits.
Statistical analyses
We used conditional logistic regression to investigate the association between risk factors and suicide in suicide cases and matched controls. Crude odds ratios (ORs), adjusted ORs
(aORs) and 95% confidence intervals (CIs) were used to indicate the associations between CKD and suicide as well as other comorbidities and health service utilization. In matched pairs, we formed a conditional likelihood, eliminating unwanted nuisance parameters by conditioning on both margins to provide conditional estimates of the OR [23] . A P-value of <0.05 was considered significant. All statistical analyses were performed using Statistical Analysis System (SAS) (Version 9.3; SAS Institute, Inc., 1995, Cary, NC, USA).
Ethical considerations
The original research protocol was reviewed and approved by the Ethics Review Committee of Tri-Service General Hospital (No. 1-102-05-120). All data related to personal identification are encrypted with scrambled patient identification numbers before the data set is released to ensure the privacy of patients. Our study protocol was approved by the Institutional Review Board of the National Health Research Institutes, and all the investigators signed a written patient confidentiality agreement before using the data set.
R E S U L T S
As shown in Table 1 , 51 642 suicide cases and 206 568 matched controls were included in the study. In both the case and control groups, 68.39 and 31.61% were men and women, respectively. Significant differences were observed in the marital status between the groups. Married people had a lower risk of suicide than that of never-married people (OR ¼ 0.34, 95% CI ¼ 0.33- None refer to no history of CKD (n ¼ 49 727) and few patients with CKD without any dialysis (n ¼ 700) in case group, and the same definition applied to the control group. Table 2 shows that the risk of suicide was higher in patients with psychiatric and physical comorbidities than in their matched controls, with ORs ranging from 3.45 to 9.68. Among various psychiatric disorders, patients with psychotic-related and mood disorders had the highest risks of suicide. Patients with substance use and anxiety disorders also had nearly 6-and 2-fold higher risks of suicide compared with their counterparts. In addition, major physical comorbidities were associated with higher risks of suicide. Patients with hepatitis C virus infection had a higher risk of suicide (OR ¼ 2.07, 95% CI ¼ 1.90-2.25). Table 3 shows that CKD patients had a higher risk of suicide after demographic characteristics and physical and psychiatric comorbidities were controlled for (aOR ¼ 1.25, 95% CI ¼ 1.17-1.34). Patients on HD also had a high risk of suicide (aOR ¼ 3.35, 95% CI ¼ 3.02-3.72), even after we controlled for demographic characteristics, major physical diseases and psychiatric comorbidities. Furthermore, we examined the association of the duration of dialysis with the risk of suicide. The results show that patients who initially underwent dialysis within 0-3 months had a significantly higher risk of suicide than that of the controls (aOR ¼ 20.26, 95% CI ¼ 15.99-25.67), and those who underwent dialysis for >24 months also had an 80% increased risk of suicide compared with the controls (aOR ¼ 1.80, 95% CI ¼ 1.53-2.13).
D I S C U S S I O N
The current study found that CKD is associated with an increased risk of suicide, even after controlling for other known risk factors for suicide. This is the first case-control study in more than a decade to use a population-based data set to investigate the association of suicide with CKD and dialysis. CKD patients are significantly more likely to commit suicide than the general population [15, 16] . Our study also found that ESRD patients on dialysis had an independently increased risk of suicide. According to the US ESRD programme, the crude suicide rate from 1995 to 2001 was 24.2 suicides per 100 000 patientyears, and the overall standardized incidence ratio for suicide was 1.84 (95% CI ¼ 1.50-2.27) [15] . That study also reported suicide risk for patients who withdrew from dialysis; however, no data were reported on patients who continued to undergo dialysis [7] . It was demonstrated that among 200 HD patients, 21.5% had suicidal ideation, 3.5% had planned a suicide attempt in prior months and 3.5% had attempted suicide during their lifetime [24] . Nevertheless, only a small proportion (12%) of the respondents had considered an association between dialysis and suicide [5] . Withdrawal from dialysis in Taiwan has been rare because of the total NHI coverage of medications and materials needed for dialysis. Therefore, the high prevalent dialysis rate in Taiwan may be different from other countries where numerous patients with poor quality of life and high comorbidity may not be dialysed or may have withdrawn from dialysis.
The major finding of this study is that CKD and dialysis patients are at a risk of suicide. This finding is consistent with the findings regarding suicide in the US ESRD programme [15] . ESRD patients on HD had an increased risk of suicide. Our unique finding was that ESRD patients who initially underwent dialysis at the first 3 months after the beginning of dialysis had an $20-fold higher risk of suicide than that of the controls, and those undergoing dialysis for >24 months had a 1.8-fold higher risk of suicide than that of the controls.
Our findings show that CKD and patients undergoing dialysis have an increased risk of suicide, even after depressive disorders are controlled for. However, there may have been some undetected depression among ESRD patients. Previous studies have identified depression as a common psychological disorder in ESRD patients, with a prevalence rate as high as 20-25%, based on estimates [25, 26] . The relevant finding that patients OR, odds ratio; CI, confidence interval; aOR, adjusted odds ratios calculated using multiple conditional logistic regressions were adjusted for the covariates of physical and psychiatric comorbidities, listed in Table 2 ; CKD, chronic kidney disease; HD, haemodialysis; PD, peritoneal dialysis.
a None referred to the subjects without any dialysis.
S u i c i d e a n d C K D p a t i e n t s o n d i a l y s i s initiating dialysis have a greater risk (4-fold) of suicide might be due to the sudden stressful event of initiating dialysis [27, 28] . Studies have shown that patients with renal failure who undergo dialysis report depression more often, and the depressionrelated morbidity increases with prolonged dialysis [25, 26] . Depression is common and is associated with reduced healthrelated quality of life, sudden changes of physical conditions, stressful events and increased mortality in HD patients. Patients with renal failure who undergo dialysis have been noted for their suicide risk [14, 24] . The risk of suicide is a crucial issue and should be assessed when diagnosing depression in the CKD and dialysis population [29] . It is suggested that clinicians pay attention to possible signs and symptoms of depression in patients with CKD and undergoing dialysis. Suicide is associated with several demographic characteristics in HD patients. Independent predictors of suicide include old age, male gender, a lower education level, alcohol or drug dependence, and recent hospitalization for mental illness [7] . Possible reasons for higher depression scores at the time of dialysis include new stressful life events [26, 30] , recent losses caused by dialysis initiation, such as the social role, independence and bodily functions, and confounding by medical illness, all of which may be exaggerated during the first few weeks of dialysis [31, 32] . The average age of CKD patients is 65 years old. Many CKD patients have comorbidities including diabetes, hypertension, peripheral arterial disease, cardiomyopathies and arthropathies, which aggravate patient symptoms and reduce the quality of life [33] . Denial of death is also a common problem in such patients, who often require end-stage counselling and psychotherapy from mental health professionals [24] . Although it has been reported that depressive symptoms are extremely common at dialysis initiation, and specific characteristics are associated with a greater burden of depressive symptoms [11, 25] , no study has estimated the risk of suicide. The strength of our study is that we observed a clear association between dialysis and suicide by using a computerized database that includes both a mortality database over a long period and a national data set. A significantly increased risk of suicide was observed in CKD patients and those initially undergoing HD. Despite a high prevalence, treatment rates are low, even among patients with moderate to severe depressive symptoms [16] . We suggest that routine depression screening and clear information about the prognosis of CKD be given in patients initially undergoing dialysis, and early treatment and sufficient support should be provided to avoid suicide.
Limitations
This study has some limitations. First, the diagnosis including comorbidities relied on the claims data and ICD-9-CM diagnostic codes; thus, some disease misclassification or underdiagnosis might exist. Second, although we adjusted for several potential confounders in the statistical analysis, bias might have remained because of unmeasured or unknown confounders such as life events. Third, this is a single-country study (i.e. Taiwan, where total coverage of dialysis is provided), which significantly limits generalizability worldwide. However, although this study was conducted in Taiwan, the results are still applicable globally because of the high prevalence and incidence of ESRD worldwide. Fourth, we had a relatively low number of cases and controls on peritoneal dialysis, which is due to HD being convenient and frequently used in Taiwan, probably because older patients in Taiwan tend to depend on medical physicians rather than on themselves, and many patients are afraid of developing complications such as peritonitis [22] .
C O N C L U S I O N
Because of the increased prevalence of CKD patients on dialysis worldwide, our study has valuable clinical implications. CKD patients, particularly those initially undergoing HD at 3 months or more than 24 months, were significantly more likely to commit suicide than the controls. The high risk of suicide associated with CKD and dialysis was observed across most patient demographic subgroups.
Suicide may be related to depression. The lack of consistent associations of sociodemographic or clinical parameters with patterns of emotional distress renders early identification difficult [31] . Suicide in HD patients might be preventable through early detection of depression; moreover, routine screening is essential, and early appropriate treatment of depression should be considered. Additional studies are necessary to understand the causal factors for suicide death and to determine methods for suicide prevention in CKD patients, as well as to investigate the association between CKD and other comorbidities with the risk of suicide. 
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